Background: The nature of infection prevention and control is changing; however, little is known about current staffing and structure of infection prevention and control programs. Methods: Our objectives were to provide a snapshot of the staffing and structure of hospital-based infection prevention and control programs in the United States. AWeb-based survey was sent to 441 hospitals that participate in the National Healthcare Safety Network. Results: The response rate was 66% (n 5 289); data were examined on 821 professionals. Infection preventionist (IP) staffing was significantly negatively related to bed size, with higher staffing in smaller hospitals (P , .001). Median staffing was 1 IP per 167 beds. Forty-seven percent of IPs were certified, and 24 percent had less than 2 years of experience. Most directors or hospital epidemiologists were reported to have authority to close beds for outbreaks always or most of the time (n 5 225, 78%). Only 32% (n 5 92) reported using an electronic surveillance system to track infections. Conclusion: This study is the first to provide a comprehensive description of current infection prevention and control staffing, organization, and support in a select group of hospitals across the nation. Further research is needed to identify effective staffing levels for various hospital types as well as examine how the IP role is changing over time. (Am J Infect Control 2009;37:000-0.) 
Over 30 years ago, the Centers for Disease Control and Prevention (CDC) undertook the national Study on the Efficacy of Nosocomial Infection Control (SENIC) in which staffing of infection control programs and intensity of surveillance, prevention, and control activities were measured in US hospitals. 1 SENIC established a connection between structure and process elements of infection control programs and provided strong evidence that hospitals with better infection control professional staffing and those programs headed by physicians dedicated to hospital epidemiology had more intense infection prevention and control activities and lower health care-associated infection (HAI) rates. [1] [2] [3] [4] [5] The investigators from SENIC recommended that hospitals have at least 1 full-time equivalent (FTE) infection control professional for every 250 occupied beds. In the 1990s, participation in the CDC's National Nosocomial Infections Surveillance System (NNIS) required 1 infection control professional FTE for the first 100 beds and then 1 FTE for each additional 250 beds. 6 Currently, the CDC's National Healthcare Safety Network (NHSN) requires a trained infection control professional or hospital epidemiologist (HE) to be in charge of the program. In addition, the NHSN requires that data reporters complete online training courses related to the methods and definitions used in the surveillance protocols.
The nature of infection surveillance, prevention, and control is rapidly changing, and the roles and responsibilities of those working in the field are expanding. Infection control professionals are increasingly expected not only to monitor infection rates and provider behaviors but also to intervene, implement, and/or lead other clinicians in the implementation of processes aimed at reducing rates of infections. 7 Even their title has recently changed, and they are now referred to as infection preventionists (IP), which will be the nomenclature used in the remainder of this report. 8 Specifically, our aim was to describe the staffing, organization, and support of infection prevention and control programs across the nation; describe the current spectrum of roles and responsibilities of IP and how they spend their time; and examine differences in staffing across these select hospitals.
METHODS
The results reported here are from phase I of a larger research project designed to examine the cost-effectiveness of infection prevention and control practice (Prevention of Nosocomial Infection and Cost Effectiveness Analysis, National Institutes of Health, R01NR010107). The SENIC study design was a very important blueprint for the study. Whereas some methods are no longer applicable because there are more reliable, valid, and efficient sources of data (such as the identification of HAI through the use of NHSN hospitals vs chart review), the overall approach of surveying hospitals, then obtaining a sample of these hospitals to link processes to the prevention of HAI, comes directly from this CDC study. In phase I of this study, a national survey of select acute care hospital infection control programs was conducted. The process of developing, validating, and conducting the survey is described below.
Survey development
Building on the questionnaire used in the SENIC study, a revised survey was developed. 1 The original SENIC survey had 3 sections, which included questions on (1) infection control staff; (2) surveillance of hospital infections; and (3) infection control programs. In the present survey, questions about staff and their qualifications were essentially unchanged from the original CDC survey except for updating terms (eg, use of the term infection control professional instead of infection control nurse). Questions about activities and organizational support were updated to reflect current practice and are described more fully below. All survey content was developed and examined by an expert panel that included the full research team and members of our advisory board (listed in the acknowledgements section). This panel had experts in psychometrics (A.D., N.K., M.P., P.S.), physician hospital epidemiologists (R.H., E.P., L.S.), and experienced IPs (T.C.H., J.H., E.L.). A paper copy of the survey is available upon request.
Survey content
Staffing. For each hospital, we assessed the numbers of professional infection prevention and control program staff (ie, IP, HE, and director/coordinator) and their highest qualifications (eg, physician, nurse, master's degree in public health, or other qualifications). For each staff member, we inquired about the years of infection control experience, certification, and membership in professional organizations. The number of hours per week each staff member dedicated to the program was measured.
Activities. Similar to the SENIC study method, we estimated how the IPs spent their time in the following manner. Based on the average hours per week each IP devoted to the program, the respondent was asked to estimate the average percentage of time per week spent on the following activities during the past 6 months: (1) collecting, analyzing, and interpreting data on the occurrence of infections; (2) teaching infection prevention and control policies and procedures; (3) activities related to outbreaks; (4) daily isolation issues; (5) policy development and meetings; and (6) other (eg, product evaluation, employee health, and emergency preparedness). The categorization of activities was based on the practice analysis published by the Certification Board of Infection Control and Epidemiology (CBIC). 9 Organizational support. Organizational support for the program was estimated several ways. There were questions related to availability of support staff including data managers, secretaries and statisticians. Items related to access to key decision makers, authority of the HE or director to close beds in the event of an outbreak, funds for continuing education, and use of electronic surveillance systems were also included. Additionally, respondents were asked to report how long their institution had been part of a CDC network of hospitals (ie, NHSN or its precursor, NNIS) using the following categories (less than 1 year, 1 to 3 years, or more than 3 years).
Pilot testing
A paper version of the survey was piloted in 13 different settings and estimated to take on average 27 minutes to complete (standard deviation [SD] 6 11). Test-retest reliability was assessed by asking these respondents to retake the survey after a 2-week interval, and kappa (k) coefficients for each item were computed. 10 The responses had adequate agreement (mean k 5 0.88, SD 6 0.24). Criterion-referenced validity was assessed by conducting site visits and comparing the institutional policies and data to survey responses. No discrepancies were found. An electronic Web-based version of the survey was then developed and further piloted by 3 IPs and 2 nursing doctoral students.
Sample
To participate in the study (1) a hospital must have conducted NHSN device-associated surveillance of health care-associated infections in an adult medical, medical/surgical, or surgical intensive care unit (ICU) in 2007 according to the module protocol 11 ; and (2) the ICU must have had a minimum of 500 devicedays (central intravascular line, ventilator, or indwelling urinary catheter). These inclusion criteria were needed for the larger study. There were 441 hospitals eligible to participate.
Recruitment and study procedures
Although some states have recently mandated membership in NHSN, lists of NHSN hospitals are not public information. To protect the confidentiality of the hospitals, our NHSN expert (T.H.) developed a list of eligible hospitals and e-mailed them directly inviting them to participate by accessing the Web-based survey.
Dillman developed techniques to increase response rates in surveys and suggests multiple contacts including an initial invitation, reminders, and last chance communications. 12 A modified Dillman technique was used, and reminders were sent weekly for 5 weeks, and a final letter was sent after 6 weeks. Weekly lotteries were held with 4 $100 prizes to encourage participation.
In the communications, we asked that only 1 person complete the survey for their institution. Hospital demographics of respondents were examined to check for duplicates. If a duplicate response was found for a single institution, the surveys were examined for completeness of data and role of the respondent. Those surveys completed by directors of departments and/or those in which responses were most complete were used. All procedures were reviewed and approved by institutional review boards at Columbia University, CDC, and RAND Corporation.
Statistical analysis
Distributions and descriptive statistics (ie, proportions or medians, means, SDs, and 95% confidence intervals [CI]) were computed. Missing data were not imputed. Based on the total number of IP hours per week, we computed the number of FTE per 100 beds assuming a 40-hour work week. To allow comparability with previous literature, we also calculated the mean and median number of beds for which 1 IP FTE provided service. Nonparametric correlations were computed using Spearman rho (r) statistics. Regression analyses were used to examine variation in IP staffing level and proportion of certified staff by hospital size. To examine the generalizability of the survey results, the teaching status and bed size of the hospitals that responded were compared with all hospitals in the Centers for Medicare and Medicaid Services database in 2005 as well as the previous published report describing NNIS hospitals in 1999 (the only description available). 6 
RESULTS
There were 347 responses. After checking for duplicates, the final set of unique hospital infection control programs was 289, which was a 66% response rate. The majority of the hospitals was located in the Northeast (n 5 135, 47%) and was teaching institutions (n 5 180, 62%). The number of hospital beds ranged from 21 to over 1500 with the mean bed size of 363 (SD 6 223); the median number of beds was 310, and 20 hospitals had more than 750 beds. Most respondents (n 5 134, 54%) reported that their institution had been a member of NHSN for more than 3 years. Thirty-three (13%) of the hospitals had been a member of NHSN for less than a year.
These hospitals employed 821 professionals in their infection control programs ( Table 1) . As expected, the majority of HE was physicians, and the majority of IP was nurses; however, titles varied across institutions. Those with the HE title had more years of experience than did the IPs (P ,
Most physician HEs (n 5 122, 71%) were part-time; 10% (n 5 17) worked full-time, and 19% (n 5 32) did not report dedicated hours. As displayed in Fig 1, negatively related to bed size, with higher staffing in smaller hospitals (P , .001). However, the large CIs in the smaller hospitals suggest a wide variation. The staffing rate was fairly consistent in the medium to large hospitals as noted by the tight CIs. In hospitals with 300 beds or more, the median was 0.54 IP FTE per 100 beds (or 1 IP per 186 beds). The mean proportion of hours provided by a certified IP in each institution was 0.48 (SD 6 0.38) per 100 beds. There was not a significant relationship between hospital size and the proportion of hours provided by certified IPs. Presence of a physician HE was significantly associated with hospital size (r 5 .26, P , .0001), with larger hospitals being more likely to have one or more physician HE present. Table 2 describes how the IPs spent their time. The largest percentage of time (mean, 44.5%) was spent collecting, analyzing and interpreting data on the occurrence of infections (ie, surveillance). Teaching, isolation issues, and policy development (ie, prevention) activities each took approximately 13% to 15% of the IPsÕ time. Only 6% was spent on outbreak activities (ie, control).
Sixty-eight percent (n 5 197) of the respondents reported having a director position for their program. Thirteen percent (n 5 25) of the directors were master's degree-prepared epidemiologists, 12% (n 5 24) were physicians, and the majority was registered nurses (66%, n 5 130). Twelve (6%) directors were licensed practical nurses, and 6 (3%) did not report their qualifications. On average, the directors had 3.6 years (SD 6 0.76) of experience in infection control. The majority of directors (n 5 178, 90%) was members of the Association for Professionals in Infection Control and Epidemiology (APIC) and/or the Society for Healthcare Epidemiology of America (SHEA) and certified in infection control (n 5 128, 65%). The directors reported most frequently to the department of medicine (n 5 54, 27%), quality management (n 5 45, 23%), and/or nursing director (n 5 44, 22%). These categories were not mutually exclusive, and a respondent could indicate that the director reported to more than one category.
Only 35% (n 5 102) of the programs had help with data management, and even fewer (n 5 39, 13%) had statistical help. More than half (n 5 180, 62%) had access to a secretary. Table 3 describes other organizational supports for the departments. The majority of respondents indicated that they had access to key decision makers always or most of the time for planning (n 5 223, 77%) and in case of a problem (n 5 251, 87%). Additionally, frequently, the director or HE was reported to have authority to close beds always or most of the time (n 5 225, 78%). Furthermore, funding for continuing education was available most or all the time (n 5 190, 66%). Only 32% of the hospitals (n 5 92) reported using an electronic surveillance system to track infections. Table 4 presents a comparison of the sampled hospitals (n 5 289) to all hospitals that submit cost report data to the Centers for Medicare and Medicaid Services (n 5 5980) and the NNIS hospitals (n 5 229). 6 Bed size and teaching status in the sampled hospitals are similar to the previous report of NNIS hospitals and are larger and more likely to be teaching hospitals than other US hospitals. 
DISCUSSION
This study provides a current and comprehensive description of infection prevention and control program staffing, organization, and support in a select group of hospitals participating in the NHSN across the nation. Smaller hospitals used significantly more staffing hours, although there was wide variation in these hospitals. Despite the sampled hospitals having similar demographics, the staffing levels are less than the 1 IP per 115 beds Richards et al found in surveying 229 NNIS hospitals in 1999. 6 This lower level of staffing may be concerning because the role and responsibilities of IPs are increasing. 9, 13 It is important to note that this report is purely descriptive, and no effort was made to determine what constituted adequate infection prevention and control staffing, although this has been identified as a gap in the literature by authors of 2 separate systematic reviews. 14, 15 Our results are similar to those found in 2 recent state surveys. 16, 17 For example, in Massachusetts hospitals, the average number of beds per IP was 178 with a median of 166. 16 The negative correlation between IP staffing and hospital size has been reported for other health care staff 18 and suggests potential economies of scale. That is, in larger hospitals, a single IP is able to provide more service. Although this study does not test directly for economies of scale, the variation of staffing across hospital size clearly illustrates the inappropriateness of assuming a single minimum IP staffing ratio would be adequate across settings.
We found that IPs spent the largest proportion of their time collecting and analyzing data related to infections. This is similar to the results from an expert Delphi panel from which it was estimated that 39% of IPs time was spent on surveillance and identifying infections 19 and a recent survey of New York IPs who reported spending 45% of their time on surveillance. 17 Although accurate and consistent case finding is important in reducing infections, actively working to change the organizational culture has also been found to be an important part of the multifaceted approach needed to promote patient safety and reduce infections. 20, 21 It is possible that this aspect of the roles was not captured in our survey. In the most recent practice analysis published by the CBIC, a new activity category entitled ''Management and communication'' has been identified. 13 It is not clear whether this category fully captures the new roles and responsibilities; we encourage researchers in the future to assess IPsÕ leadership and involvement in teamwork and quality improvement activities aimed at the establishment of evidence-based clinical practices.
The relatively few physician HE hours devoted to the program could be concerning. As with all adverse patient safety events, the prevention of infections requires a team approach. 22 Indeed, the infrastructure needed to promote patient safety includes an interdisciplinary, collaborative environment with high-level leadership. 23 However, positively, these respondents reported high levels of access to key decision makers, especially in the case of problems.
We found a relatively high number of director positions in this study. However, the survey did not assess The results reported here provide a snapshot of the experience and qualifications of IPs and HEs working in these hospital infection prevention and control programs. Although the majority of the HEs were experienced, almost one quarter of the IPs had less than 2 years experience. This has important implications for the APIC, which is the primary organization for training and educating these professionals. Reaching out to new IPs to provide education and role transition should be a top priority. It is heartening that the majority of respondents reported funds for continuing education, which is clearly needed given the high number of new IPs. Furthermore, a substantial proportion of IPs was certified. The certification process may also be important for these new IPs because the certification examination is designed to measure minimum competence for practice. 24 It is possible that more hospitals are recognizing certification as an indicator of competence for hiring.
This report has a number of strengths and limitations. First, updating a well-developed survey with attention to psychometric properties and pilot testing is a strength of the research design. The use of an electronic survey made it possible to conduct large-scale data collection relatively inexpensively, minimized the amount of time needed for the distribution and response cycles, and included skip pattern logic (similar to ''skip to question X'' in paper-based surveys) and cross-field validity checking during data entry (eg, warnings were given for summative functions that did not equal the prescribed amount and respondents were cued when data were missing), which increases the validity of the data. 25, 26 Furthermore, the high response rate is a definite strength and increases the validity of the findings. However, this was a select sample, and the hospitals do not represent hospitals across the nation. In the past, whereas NNIS hospitals have been distributed across most of the United States, they have been shown to be overly represented by large hospitals and those in the mid-Atlantic and south Atlantic regions. 6 Although the profile is changing now that there is open enrollment with the new Web-based system and states mandating that hospitals provide data to them using NHSN, our sample was more similar to the previous NNIS cohort of hospitals than to other hospitals in the country. Nevertheless, the IP staffing we found was similar to those found in other state-level surveys. 16, 17 Last, measurement bias must always be considered in self-report survey data. 27 In pilot work, we found congruency between the IP self-report survey responses and institutional policies. This is consistent with a previous study, in which IP self-reported data on infection control processes was validated by site visits that included interviews and observing staff, checking on documentation including records and minutes, and making environmental rounds and found high congruency. 28 The context of health care has changed and emergency preparedness, patient safety as well as mandatory reporting of infection rates, and lack of reimbursement for HAI are activities and issues with which staff of infection control programs may be contending. In the future, infection prevention and control programs will likely play an increasingly critical role in hospitals. Whereas this study provides a current snapshot of the staffing and professional roles of those employed in these programs, further research is needed to identify effective staffing levels for various hospital types as well as examine how the roles are changing over time.
